The causes of the racial/ethnic disparity in preterm birth (PTB) remain largely unknown; traditional risk factors such as smoking and prenatal care fail to account for it. The authors examined whether living in metropolitan areas (MAs) with high levels of residential racial segregation along multiple dimensions (hypersegregation) was associated with higher rates of PTB or larger racial disparities in PTB and whether segregation modified the established race-age association in PTB. The authors merged 2000 natality data (n ¼ 1,944,703) with US Census measures of Black-White hypersegregation. They executed two-level hierarchical logistic regression analyses among White and Black mothers in 237 MAs to estimate the odds of PTB by hypersegregation, race, and age, after controlling for covariates. In unadjusted and adjusted models, Black infants in hypersegregated MAs were more likely to be preterm than Black infants in nonhypersegregated MAs (p < 0.001). Black-White PTB disparities were larger in hypersegregated areas than in nonhypersegregated areas (p < 0.001), and the age-race association with PTB was modified by hypersegregation (p < 0.001). Living in a hypersegregated MA had a more pronounced association with PTB among older Black women, and racial disparities in PTB were larger in hypersegregated areas among older mothers (p < 0.001). Since over 40% of Black childbearing women live in hypersegregated areas, residential segregation may be an important social determinant of racial birth disparities. ethnic groups; health status disparities; infant, low birth weight; minority health; prejudice; premature birth; residence characteristics Abbreviation: CI, confidence interval.
The persistent racial/ethnic disparity in birth outcomes is one of the most startling health trends in the United States. US infants born to non-Hispanic Black women are over 50 percent more likely to be born preterm than infants born to non-Hispanic White women (1) . However, the causes of preterm birth and of the racial disparity in birth outcomes are poorly understood (2) (3) (4) . Although individual-level maternal risk factors, including age, marital status, and cigarette smoking, account for only half of the racial risk in low birth weight (5, 6) , explanations for social inequalities in maternal health have generally focused on individual risk factors, directing attention away from structural explanations (7, 8) .
To identify factors accounting for the large and persistent Black-White disparity in health, it is necessary to focus on factors that either differentially influence Blacks and Whites or uniquely affect Blacks or Whites. Residential segregation is such a phenomenon (9) . Residential segregation is the degree to which two or more social groups live apart from one another in different areas of the urban environment (10) . Although it has decreased modestly over the past 30 years, a high level of residential segregation for Blacks persists in the United States (11) . The magnitude of residential segregation for any given dimension is higher for Blacks than for other racial groups. Moreover, Blacks experience simultaneous high segregation across multiple dimensions of segregation (hypersegregation), while other groups do not (12) .
The pathways from racial segregation to birth outcomes are not clear, yet existing evidence points to the importance of individual and neighborhood deprivation acting through health behavior and stress pathways (2) . For instance, persons living in Black neighborhoods are exposed to higher rates of crime and neighborhood poverty (13) , and exposure to such chronic or acute stressors has been linked to worse birth outcomes (7, 8, (14) (15) (16) (17) (18) through immune and neuroendocrine pathways (2, 19) . Individual-level stressors may be more prevalent in deprived neighborhoods (20) , and four distinct pathways link individual-level stressors with preterm delivery: adverse health behaviors (smoking, poor nutrition), psychosocial factors (depression, lack of social support), stress hormones that may initiate labor, and depressed immune functioning that causes increased susceptibility to infection (21, 22) .
Additionally, the effects of disadvantaged contexts may be stronger among older Black women. According to the weathering hypothesis, Black women may experience worse birth outcomes with age, reflecting the cumulative effects of psychosocial and environmental hazards associated with population-level patterns of racial and social inequality (4) . For example, prior research has documented that risk of adverse birth outcomes may rise with increasing age among disadvantaged women or in areas with greater poverty (4, 8, 18, 23) . Although the pattern of differential agerelated birth outcomes by race is established (4, 8, 18, 23, 24) , this age hypothesis has not been tested with regard to metropolitan patterns of racial birth inequality.
In this study, we examined how residential racial segregation was associated with preterm birth. We asked: Do Black mothers who reside in metropolitan areas characterized by hypersegregation (i.e., simultaneous high segregation across multiple dimensions) have worse preterm birth outcomes than those who reside in less segregated metropolitan areas? Are racial preterm birth disparities higher in hypersegregated areas than in nonhypersegregated areas? We examined the weathering hypothesis by asking: Does hypersegregation modify the race-age association with preterm birth? We built upon prior literature on the relation between segregation and health to incorporate multilevel analytic techniques, as well as a measure of segregation that may better represent the severity of Black segregation than single segregation measures but has not been employed in health studies despite its conceptual strength (25) .
MATERIALS AND METHODS

Individual health data
We used the National Center for Health Statistics' 2000 natality data set (26) , the annual census of livebirths based on the U.S. Standard Certificate of Live Birth (27) . We excluded multiple births, rural births (since segregation is a metropolitan-area-level phenomenon), births occurring in metropolitan areas with a population of less than 100,000 (masked), births occurring in metropolitan areas with fewer than 5,000 Blacks (28, 29) , and births to foreign-born mothers, since they display different birth patterns (30, 31) .
The study outcome was preterm birth, operationalized as birth before the 37th week of gestation, where gestation was determined by the last menstrual period or by clinical estimate. We excluded births with unknown length of gestation or unknown birth weight (0.7 percent). Our first individuallevel predictor of interest was the mother's self-reported race/ethnicity. We restricted our analysis to non-Hispanic Blacks (''Blacks'') and non-Hispanic Whites (''Whites'') because of differential patterns of Latino segregation (12) and Latina birth weight differences (30, 31) in comparison with Blacks. Our second individual predictor of interest was maternal age (centered and modeled as a quadratic variable). We excluded births to women under age 15 years and women over age 45 years. Based on the work of Geronimus (4), we hypothesized that hypersegregation would modify the associations of age and race with preterm birth. We modeled a three-way (cross-level) interaction among race, age, and segregation with nine terms to examine how segregation might be more detrimental for preterm birth at higher ages among Blacks. Other individual-level demographic covariates (see table 1 for details) included parity, infant sex, maternal education, marital status, smoking or alcohol drinking during pregnancy, and prenatal care (measured by the Adequacy of Prenatal Care Utilization Index (32)).
Segregation data and measures
We operationalized residential segregation at the metropolitan level, since metropolitan areas approximate housing markets (10) and since we hypothesized that risks and resources which affect preterm birth are partially related to racial inequality in housing markets. Metropolitan areas may be a more appropriate level of aggregation than neighborhoods for modeling racial health disparities, for several reasons. Metropolitan areas may capture effects of housing market inequality, including not only effects of neighborhoods but also effects of social class advancement, housing discrimination, and housing stock (33) (34) (35) . Moreover, distributions of neighborhood quality are nonoverlapping for Whites and Blacks in highly segregated metropolitan areas, making it methodologically challenging to model racial health disparities with neighborhood-level data while maintaining high internal and external validity (33) .
Residential segregation is a global construct with five distinct dimensions of spatial separation within a metropolitan area, including exposure (the probability that Blacks have contact with Black neighbors), unevenness (the degree to which each neighborhood incorporates the same proportions of Blacks and Whites as the metropolitan area overall), clustering (the tendency of Black neighborhoods to cluster together), centralization (the degree to which Black neighborhoods are at the center of the metropolitan area), and concentration (population density) (10) . The health literature has overlooked the complexity of residential segregation by testing singular dimensions of segregation (25, 29, (36) (37) (38) . A high level of segregation with regard to any one dimension may be harmful, but since Blacks experience high segregation across multiple dimensions simultaneously (hypersegregation), the detrimental effects of segregation multiply (12). We chose to test this aspect of segregation in the present study, since examining just one dimension at a time may understate the severity of Black segregation (12) . We received special calculations for segregation indices from the US Census Bureau for non-Hispanic Blacks and non-Hispanic Whites (E. Steinmetz, Bureau of the Census, personal communication, 2004), calculated from 2000 census-tract-level data, for each metropolitan area. Metropolitan areas encompassed both Metropolitan Statistical Areas and Primary Metropolitan Statistical Areas of the US Census. We defined hypersegregated metropolitan areas a priori using criteria defined by segregation demographers (39, 40) . First, we selected five measures characterizing the five dimensions of segregation (10, 12) : absolute centralization, spatial proximity, relative concentration, dissimilarity, and isolation. Higher segregation scores indicate higher Black segregation, and metropolitan areas falling above 0.60 on any measure are considered highly segregated (39) . (See the paper by Massey and Denton (10) for formulas and descriptions of segregation measures.) To create our hypersegregation predictor variable, we scored metropolitan areas with a 1 if they were highly segregated (>0.60) with regard to each of the five segregation measures and 0 otherwise, and then summed across the five measures to create a score ranging from 0 to 5 for each metropolitan area (see table 2 ). Hypersegregated metropolitan areas were those with scores of 4 or 5-areas found to be highly segregated on at least four dimensions.
Using data from the 2000 US Census, we adjusted for the following metropolitan-area-level covariates, centered at their grand mean value: population size (log), poverty rate, median annual household income (log), and proportion Black. Lastly, we included fixed effects of the four census regions (Northeast, Midwest, South, and West).
Analytic methods
We merged the segregation measures with the birth observations based on the mother's metropolitan area of residence. We conducted bivariate analyses to check for collinearity and to determine the form of the associations. We then created two-level hierarchical logistic regression models for individuals within metropolitan areas, using HLM 6.01 software (41) . First we modeled race, unadjusted for covariates (model 1). Although we initially tested for a main effect of segregation, we found that segregation modified the race-age-preterm birth association (results not shown), so we present results from the models demonstrating effect modification. We built two models to test three-way age-race-hypersegregation interactions. Model 2 included just these interactions and variables. Model 3 built on model 2 and adjusted for covariates. The significance of the segregation associations, interaction terms, and model fit were determined by means of log-likelihood estimates from full maximum likelihood estimation models with robust standard errors, at a ¼ 0.05 (two-tailed). To test the hypersegregation interactions, we examined the improvement of each model in comparison with simpler models.
We specified a random-effects model as more flexible for modeling racial disparities, allowing the association between race and preterm birth to vary across metropolitan areas (42) . We then stratified models of preterm birth by hypersegregation and race (models 4a and 4b) and by hypersegregation and age (models 4c and 4d). Models 4a and 4c were unadjusted, and models 4b and 4d were covariate-adjusted. Lastly, we recognize that this data set conveys considerable power to investigate associations. Since we hypothesized segregation as a distal contextual cause, we anticipated that its effect would be small, thereby requiring a large data set. We therefore focused on substantively meaningful associations in addition to statistically significant ones.
RESULTS
Our final sample of births included 1,944,703 infants born in 237 metropolitan areas. (See table 1 for descriptive statistics.) The prevalence of preterm birth was 8.5 percent for Whites and 16.0 percent for Blacks. Figure 1 displays the differential age distribution of births by race. Table 2 displays the distribution of hypersegregation for metropolitan areas and infants. Twenty-two US metropolitan areas were hypersegregated for Blacks in the year 2000, constituting 9 percent of metropolitan areas and 28 percent of births. The 22 hypersegregated metropolitan areas were: Albany, Georgia; Atlanta, Georgia; Baltimore, Maryland; Baton Rouge, Louisiana; Beaumont-Port Arthur, Texas; Birmingham, * Five measures were used to characterize the dimensions of segregation: absolute centralization, spatial proximity, relative concentration, dissimilarity, and isolation (see text). Hypersegregated metropolitan areas were those found to be highly segregated on at least four dimensions.
Alabama; Buffalo, New York; Chicago, Illinois; ClevelandLorain-Elyria, Ohio; Detroit, Michigan; Flint, Michigan; Gary, Indiana; Los Angeles-Long Beach, California; Milwaukee-Waukesha, Wisconsin; Mobile, Alabama; Monroe, Louisiana; New York, New York; Newark, New Jersey; Philadelphia, Pennsylvania-New Jersey; Saginaw, Michigan; St. Louis, Missouri-Illinois; and Washington, DC-MarylandVirginia-West Virginia.
In model 1, Black infants had almost twice the odds of preterm birth as White infants (unadjusted odds ratio ¼ 1.94, 95 percent confidence interval (CI): 1.90, 1.98) (table 3). In model 2, Blacks in hypersegregated areas exhibited significantly worse preterm birth rates than Blacks in nonhypersegregated areas (Black race-hypersegregation interaction: p < 0.001). Race-age associations with preterm birth were modified by hypersegregation. Not only did Blacks exhibit an excess risk of preterm birth with older age (age-Black race interaction: p < 0.001), the age association for Blacks was also worse in hypersegregated areas (the three-way interaction coefficient was positive; p < 0.001). Adjustment for covariates did not appreciably reduce this association. Holding constant the higher age preterm birth risk for Blacks versus Whites, there was a steeper preterm birth incline with higher age for Blacks in hypersegregated areas than for Blacks in nonhypersegregated areas; for a Black woman 10 years older living in a hypersegregated area, the odds ratio was 1.10, as calculated from exponentiating the sum of the four hypersegregation logit coefficients. Figure 2 illustrates the three-way interaction and depicts the predicted probability of preterm birth by race, age, and hypersegregation, using coefficients from model 3. Black infants were at higher risk of preterm birth than White infants, on average. The solid line indicates that Black infants in hypersegregated metropolitan areas had a higher risk of preterm birth than did their Black counterparts in nonhypersegregated metropolitan areas (long-dashed line), and the association was more pronounced at higher maternal ages. These steeper age gradients with preterm birth are also illustrated in table 4, in models stratified by race and hypersegregation (models 4a and 4b). The adjusted odds ratio for preterm birth for a 10-year increase in age was 1.26 (95 percent CI: 1.22, 1.29) for Blacks in hypersegregated areas as compared with 1.18 (95 percent CI: 1.15, 1.21) for Blacks in nonhypersegregated areas, and both of these age coefficients were higher than those for Whites regardless of segregation (models 4b). Figure 3 depicts the racial difference in preterm birth (e.g., the adjusted predicted probability of preterm birth for Black mothers minus that for White mothers) by hypersegregation and age. The racial disparity in preterm birth was higher among older mothers, regardless of segregation. Moreover, the preterm birth racial disparity was higher in hypersegregated areas than in nonhypersegregated areas at nearly all ages, and the racial disparity was larger with each additional 10 years of age within each segregation level. These patterns are also illustrated in stratified models ( 
DISCUSSION
In this analysis, we found that the probability of preterm birth for Blacks was higher, and that the racial disparity in preterm birth was larger, for infants born in metropolitan areas characterized by hypersegregation-that is, simultaneous high residential racial segregation across four or more dimensions of segregation. Moreover, the well-known association of race and age with preterm birth was modified by hypersegregation, and associations were maintained in the presence of maternal demographic, health behavior, and socioeconomic characteristics. The slope of the association between preterm birth and age was not only steeper among Black women than among White women but it was also steeper for Black women in hypersegregated areas than for Black women in nonhypersegregated areas. This finding suggests that age-related preterm birth patterns may be related to stressors associated with residential hypersegregation facing Black women. To our knowledge, this is the first study to have documented an association between hypersegregation and racial health disparities.
Why might hypersegregation be associated with higher rates of preterm birth for Black infants and with larger racial disparities in preterm birth? Segregation is a racialized phenomenon: the spatial manifestation of institutional racism and separation of racial groups across neighborhood lines within metropolitan areas. Racial discrimination in housing markets is a likely cause of residential segregation and differential neighborhood environments (43) . Experimental evidence indicates that when Blacks seek to rent an apartment or buy a house, they experience worse treatment than comparable Whites approximately 20 percent of the time (44) . Residential segregation relegates Blacks to living in the worst neighborhoods, including neighborhoods characterized by high levels of poverty and violent crime, and the racial disparity in neighborhood quality is largest in highly segregated areas (33, 45) . The metropolitan-area-level segregation associations we observed here partially captured neighborhood inequalities. Neighborhood quality may affect preterm birth through several mechanisms-for instance, through stress pathways or constant triggering of the ''fight or flight'' response in highviolent-crime areas, which exerts wear and tear on the body (19, 46) . Neighborhood quality may also affect preterm birth through area-related factors pertaining to risks and resources, including the availability of nutritious food, access to adverse Hypersegregation grouped variable** <0.001 <0.001
* Models 1 and 2 included the variables shown (unadjusted). y Model 3 included all covariates (adjusted).
z OR, odds ratio; CI, confidence interval. § Age was centered at 29 years and was modeled in 10-year increments. { Odds ratios and 95% confidence intervals for interactions are those generated by HLM software (41) for the interaction coefficient term alone. This is reported instead of the exponentiated sum of the logit main-effect terms with the logit interaction term because HLM does not provide covariances for calculating odds ratios and 95% confidence intervals from multiple terms.
# Grouped variable comprising age, age 2 , age 3 Black race, and age 2 3 Black race. Joint significance was determined by v 2 test (4 df). ** Grouped variable comprising hypersegregation, hypersegregation 3 Black race, hypersegregation 3 age, and hypersegregation 3 Black race 3 age. Joint significance was determined by v 2 test (4 df).
health products (cigarettes, alcohol), and social pathways (6, 14) . We were unable to test neighborhood as a mediator because lower-level geographic identifiers are masked in the National Center for Health Statistics natality data (26) .
In this analysis, we found that Black women experienced worse birth outcomes with advancing age in hypersegregated areas, which may provide support for the weathering hypothesis (4). Our study could not test whether the same * All p's < 0.001. y Each odds ratio was derived from a separate, stratified model, where models 4a and 4b were stratified by hypersegregation and race and models 4c and 4d were stratified by hypersegregation and age.
z OR, odds ratio; CI, confidence interval. § Models 4a and 4b were adjusted for age 2 . Age was centered at 29 years and was modeled in 10-year increments.
{ Models 4b and 4d included all covariates except the stratifying variables.
women experienced worse outcomes over time, since it was not a longitudinal study, but the preterm birth patterns we observed among Black women in hypersegregated areas may signal a greater presence of hazards or stressors associated with racial inequality there (e.g., higher exposure to crime, neighborhood poverty, or housing discrimination) (18) . However, the racial disparity in the age-preterm birth association may alternately be due to childbearing patterns, including differential timing/delay of and selection into childbearing (4, 47, 48) , short interpregnancy intervals (49) , differential intentions to bear children (50) , and obstetric factors arising from prior births. We could not sort out these alternate explanations with our data, although sensitivity models confirmed that the age-race-hypersegregation interaction was not explained by prior preterm births among multiparous women or by better control for parity (results not shown). Although distributions of fertility by age may not be entirely comparable between racial groups, it is reasonable to assume that within racial groups, fertility distributions among women in different metropolitan areas are comparable, aside from the consequences of residential segregation. Thus, under a conservative assumption, even if race-age-preterm birth associations were due to childbearing patterns, we still observed differential patterns in hypersegregated areas, which would suggest that segregation could influence childbearing. Although we found a detrimental association between hypersegregation and preterm birth for Blacks, the racial disparity in preterm birth far outweighed the segregation association. However, a large number of women at a small risk (e.g., 41 percent of Black childbearing women live in hypersegregated areas) may give rise to more cases than the small number who are at high risk; thus, a small effect of an area variable can have large effects on population health (51, 52) . Distal causes at the population level, which may include residential segregation, are expected to have smaller effects on disease than more proximal causes, since there is greater uncertainty associated with distal causes (53) . Although we employed a common approach in the literature for modeling contextual associations, the association of a contextual cause with a health outcome may not be easily reduced to individual-level counterparts that enter the body in a simple causal chain. Rather, the pathways may be interactive and various (53) . Therefore, we expected small effect sizes for segregation that operates through multiple mediators to ultimately influence birth outcomes. Furthermore, given that segregation is an indicator of institutional racism, some of the effects of segregation may have been captured by the race coefficient at the individual level. Models 3, 4b, and 4d may also have underestimated segregation, since they adjusted for variables that have been conceptualized as mediators of segregation and birth outcomes (29) , including education and health behaviors. In sum, the public health significance of the small effect of segregation resides in pursuing social context as a cause of preterm birth, which suggests new avenues for preventive strategies, by addressing broader determinants than those specified within a narrow biomedical approach-an approach that has heretofore been unable to explain racial/ethnic disparities in preterm birth (2, 18) .
Threats to validity exist in our study, given the crosssectional design and the limits of the data. First, our association of segregation with preterm birth may have resulted from bias due to omitted variables or measurement error. Relevant omitted variables include social class, given its FIGURE 3. Adjusted racial disparity in predicted probability of preterm birth by metropolitan area hypersegregation and maternal age, United States, 2000. The racial difference was calculated as the Black predicted probability of preterm birth minus the White predicted probability.
strong association with preterm birth (54) . We controlled for maternal education but could not control for income, poverty, or wealth in these data. However, since segregation is hypothesized to affect health through social class pathways (35, 55) , it may be improper to control for it as a mediator. Therefore, we presented estimates that were unadjusted for covariates. Our segregation association might also reflect some other aspect of metropolitan confounding, despite our control for metropolitan area factors; however, segregation associations for Blacks were robust to the addition of metropolitan area covariates. Alternately, the segregation associations may have been due to between-metropolitanarea migration-related selection. However, selection may be less of a threat in metropolitan segregation studies than in neighborhood studies, because migration is much more common between neighborhoods within metropolitan areas than between metropolitan areas (55, 56) .
Second, preterm birth may have been mismeasured in the birth certificate data. Missing or misclassified data on gestational age may produce misclassification of up to 5 percent of observations (57) . Since our conceptual model hypothesized preterm birth as the most relevant outcome of interest, we modeled it here. We found comparable results when we used birth weight as the outcome instead of preterm birth (results not shown). It is also possible that segregation affects the gestational age estimate itself, by resulting in poor access to prenatal care and late registration and therefore erroneous gestational age. In sensitivity analysis (results not shown), we found some geographic differences in determination of gestational age and in prenatal care. However, excluding areas with high proportions using clinical estimates or areas with missing prenatal care data did not alter our results. Alternately, missing covariate data may have biased our associations; however, in sensitivity analyses that excluded missing data, we found comparable results (results not shown). We know of no better data for testing metropolitan segregation-birth hypotheses with such strong generalizability.
In conclusion, our analysis found that Black women living in hypersegregated metropolitan areas had a higher probability of preterm birth than did their counterparts in nonhypersegregated areas, and the associations were worse among older Black women. The racial preterm birth disparity was also larger for older mothers and women living in hypersegregated areas. Residential segregation is an important social phenomenon that may be a fundamental cause of racial health disparities (35) . Since racial disparities in birth outcomes remain poorly understood and since the size of racial birth disparities appears to be large regardless of segregation, understanding the causes may require situating individuals and neighborhoods within a metropolitan context of racial inequality.
